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[57] ABSTRACT 

A method and an apparatus for inspecting a photomask 
pattern utilizing a vector comparing method. A pair of 
optical images intended to be compared are taken from 
the photomask pattern and converted to digital data by 
optical systems and an amplitude distributor. The digi- 
tal data have values of black (B), gray (G), or white (W) 
corresponding to high, middle, and low signal ampli- 
tudes. Separated data corresponding to a portion of 
each of the optical images are sequentially separated 
from the digital data by data separators. The separated 
data are shifted by several matrix elements of the sepa- 
rated data by data shifters to provide shifted data. The 
shifted data of each optical image and separated data are 
respectively synthesized by data synthesizers to provide 
two groups of synthesized data. Vectors are generated 
from the matrices of the groups of synthesized data by 
vector generators. The vectors are defined to indicate 
changes from B to W, from B to G, and from G to W, 
in one of eight latitudinal, longitudinal, and diagonal 
directions. The number of vectors having the same 
direction in vectors are respectively summed and com- 
pared by a vector comparator which outputs informa- 
tion of a defect on the photomask pattern if there is a 
difference between the groups for the summation of any 
vector direction. 

13 Claims, 11 Drawing Figures 
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FIG 7(0-1). 
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To improve this disadvantage, new technology for 

INSPECTING METHOD AND APPARATUS FOR the digital comparing method called a "vector compar- 

PHOTOMASK PATTERN ing method" has been developed and actually used. For 

example, the method is used in a photomask inspecting 

BACKGROUND OF THE INVENTION 5 apparatus called "KLA 100 or 200 series" which is 

T . o • , i . r trt - _ . Krt j manufactured by the "KLA Corporation" in the U.S.A. 

i he present invention relates to an inspecting method _, J . , . ' . . _ . 

and apparatus for a photomask pattern applied to the The , ^T"" 8 T 15 ff0m thc C0 "' 

fabrication of a semiconductor device such as a large ? e P" that the between the data arrangements 

semiconductor integrated circuit. ln m «. w0 of Pf"« rn da ? «" be f treated , as a com " 

■ A photomask pattern generally consists of a plurality 10 Pftng subject with the application of a vector means 

of patterns, so called "unit patterns", each having the Therefore, m the vector comparing method, it is no. 

r , . . - «- ■ . r u • r fi necessary to compare the pattern datum in every ele- 

same shape and size for efficient fabrication of a plural- 4 . r 1 „ . 4 , . , * 

, r . . . . . i ment of the image memory matrix, thus the data pro- 

,ty of semiconductor devices on a semiconductor slice ^ tf ■ ^ 

by a printing process. The inspecting object of the pres- The \ ector comparing method is considere d to be a 

ent invention is such a photomask pattern consisting or vfiry m ^ of w h acc 

a plurality of unit patterns. hj h sensitivit and short processing time , however, it 

A pattern inspect.on can_be classing into two cate- ^ ^ foun£j ^ ^ 

is a problem in that some 

gones: a database comparing method, and a pattern kinds Qf defects jn ^ n ^ nQt ^ detected ^ 
comparing method. In a database comparing method, a 2Q , inventiQn jn(ends tQ so|ve ^ m 

unit pattern is compared with its des lg n data, while in a disclosi the , invention> ^ prior art vector 

pattern comparing method one unit pattern is compared arin method and its problems will be discussed . 

with another unit pattern havmg the same shape and FIG. 1 is a block diagram of an apparatus for vector 

Slz l' , , , . comparing inspection of the prior art. In the figure, a 

Recently, semiconductor devices have become so 25 photomask 3 is mounted on a stage 100 and light 3 is 

complex with increases in packing density, that the irradiated from beneatn tne pho tomask 1 so that two 

database comparing method requires a lot of inspecting parts> Qne in each of twQ ^ patternSt ^ be detected, 

time and covers a lot of design data. Therefore, the Qne by a left optical system 2W and the othef by ft fight 

pattern comparing method is preferable to the database optica , system 202 The ]eft and right optica , systems 

comparing method for inspection of a complex photo- 30 201 and 202 respective i y consist of ] en s systems 211 and 

mask pattern. 212 ^ j mage sen sors 41 and 42. Each of the image 

The pattern comparing method can be also classified sen sors 41 and 42 consists of linear arrayed sensor ele- 

mto two categories: an analog comparing method, and a ments and each e i ement corresponds to a picture ele- 

digital comparing method. The digital comparing ment of tne unit pattern which provides sufficient the 

method is essentially preferable with respect to its accu- 35 reso j ut i on to mee t the requirements of the inspection, 
racy, and is becoming popular because recently the of video signals from the image 41 

digital technology has been advanced and its cost has 42 is produced by scanning the stage 100 in a direc- 

lowered. t j on perpendicular to the arrayed direction of the image 

The digital pattern comparing method is performed sensor. The distance between the optical system 201 and 

as follows: (1) a pair of parts, assumed to have the same 40 202 is adjusted so that the optical images of correspond- 

shape and size, in two unit patterns are selected by two i ng parts j n each of two unit patterns can be compared, 

respective optical systems; (2) the two optical images of The sequential comparison between corresponding por- 

the parts obtained by the respective optical systems are tions of two unit patterns can be made by repeatedly by 

converted into two groups of analog video signals by shifting the stage 100 in steps. The above scan and shift 

respective image sensors in the optical systems; (3) the 45 of the stage 100 are controlled by a controller 11. The 

two groups of analog video signals are respectively two groups of analog video signals from the image 

digitized into two groups of digital video signals; (4) the sensors 41 and 42 are sent to an amplitude distributor 5 

two groups of digital video signals are stored as two in which the two groups of analog video signals are 

groups of pattern data in two respective image memo- respectively converted into two groups of digital video 

ries, each having a memory matrix in which memory 50 signals so that the amplitude of each analog video signal 

elements are arranged in correspondence to the ar- is distributed into three levels such as white (W), gray 

rangement of the picture elements in each optical image (G), and black (B) corresponding to the amplitude being 

with the resolution required for the inspection; and (5) low, medium, and high. In the three levels, the level G 

the two groups of pattern data are compared to each is provided to protect the occurrence of a false error, 

other. 55 For example, when the amplitude of the analog signal is 

The photomask is mounted on a stage to be inspected. in a middle region, if there was no G level, the digital 

The selection of the two unit patterns to be compared video signal would have to be either B or W; this would 

can be made by repeatedly shifting the stage in steps and product a false error. The level G provides a margin to 

the two optical images can be simultaneously obtained prevent a false error occurrence. The two groups of 

by scanning the stage. 60 digital video signals arc stored as pattern data in a first 

The digital comparing method has the following left memory 12L and a first right memory 12R by left 

advantage in comparison with the analog comparing and right write-in units 71 and 72 respectively, under 

method, the influence of electric noise caused by shift- the control of the controller 11. 

ing or scanning the stage can be avoided. However, the When a photomask pattern is constructed with very 

digital comparing method also has a disadvantage in 65 high packing density, a minimum area as small as 0.5 

that it requires a lot of time for data processing; it takes (fim)x0.5 (fim) is required for the inspection resolution 

as much as several times as long as with analog compar- of the photomask pattern. If the linear arrayed image 

ing method. sesor consists of as much as 512 sensing elements and 
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the stage 1 scans a distance corresponding to 512 Kens- separators 81 and 82 to advance the inspection of the 

ing elements, the optical image created is formed by next separated pattern; when the vector comparator 10 

512x512 elements at the image plane of the optical produces a "YES" signal, this means there is a defect 

system. This is equivalent to the size 256 (/im)X256 and the stage coordinate memory 300 records the stage 

(jim) on the photomask 1, and this is the area of a com- 5 position at which there is a defect. After the recording 

paring part in the unit pattern. the position, the stage coordinate memory 300 advances 

To store the above pattern data, each memory matrix the separator 81 and 82 to inspect the next separated 

in first left and the right memory 12L and 12R has pattern. When the inspection of the whole photomask 

512X512 matrix elements. However, a quantity of pat- pattern is finished, a human inspector can check the 

tern data as large as 512X512 matrix elements is too 10 inspection results by observing the stored data in the 

large to be inspected simultaneously with high accu- stage coordinate memory 300 on the inspection output 

racy, so that the pattern data of 512X512 matrix ele- device 400 such as a cathode-ray tube or a sheet of 

ments in each of the first memories 121. and 12R are printed paper. 

separated to a set of 4x4 matrix elements and stored FIG. 3 illustrates how to perform the prior art vector 
respectively into a second left memory 13L and a sec- 15 comparing inspection, showing an example of a defect 
ond right memory 13R. The separation and memoriza- on the photomask pattern. In FIG. 3, FIGS. 3(a-l) and 
tion are respective performed by a left separator 81 and 3(M) depict the optical images, i.e., the parts of the 
a right separator 82. The separated data become the photomask pattern to be compared to each other. FIG. 
subject of the vector comparing inspection and this 3(o-l) depicts an optical image corresponding to the 
separation and memorization are sequentially advanced 20 separated data in the left second memory 13L and FIG. 
every time the inspection of the separated data is com- 3(M) corresponds to that in the right second memory 
pleted. The parts of the oblique dotted lines located out- 
One of the signals W, G, and B exists as a pattern side of the square frame in each figure indicate how the 
datum in each matrix element of each second memory optical image continues in the photomask pattern. A 
13L or 13R; therefore a vector can be applied to the 25 pattern 15L in FIG. 3(a-l) has a defective part 20 and a 
boundary between the neighboring elements. In the pattern 15R in FIG. 3(M) is assumed to be normal. A 
prior art, the vector is provided in four directions; left, data matrix 16L in FIG. 3(<7-3) represents the separated 
right, up, and down with equal magnitude, and the data in the left second memory 13L, and a data matrix 
direction is determined by the following definition: 16R in FIG. 3(^-2) represents the data in the right scc- 
when the datum B and W are adjeently arranged along 30 ond memory 13R. Vector patterns 17L and 17R in 
longitude or latitude, the vector direction is defined FIGS. 3(a-3) and 3(6-3) respectively depict the vector 
from B to W; when the datum G is surrounded by the pattern in the left vector memory 14L and the right 
data W in all four primary directions, four vectors from vector memory 14R. Comparing the vector directions 
G to W are provided along longitude and latitude; when in FIGS. 3(<?-3) and 3(b-3), the following results can be 
the datum G is surrounded by the data B in all four 35 obtained: a right vector exists in both memories, a left 
primary directions, four vectors from B to G are pro- vector does not exist in either memory, an up vector 
vided along longitude and latitude; and when the data exists only in the left memory, and a down vector also 
are arranged like B-G-W in longitude or latitude, G is exists only in the left memory. Therefore, the compara- 
changed to B so that only one vector from the changed tor 10 in FIG. 1 outputs the information that there is a 
B to W is provided. Thus, in the prior art, a vector can 40 defect in the photomask. Thus, defective part 20 in the 
be provided along longitude and latitude, but can not be separated pattern 15L can be detected by the vector 
provided along a diagonal. comparing inspection. 

These vectors are generated by a left vector genera- The digital pattern datum at the defective part 20 was 
tor 91 and a right vector generator 92, and the vector B in the above example. However, even if the pattern 
data are respectively fed to a left vector memory 14L 45 datum is G; that is, defect is as small as the half of the 
and a right vector memory 14R in a vector memories part (matrix element) 20, the same results can be ob- 
14. The vector data in the vector memory 14L and 14R tained, because the data including the defective part 20 
are compared by a vector comparator 10 in every vec- are arranged in B-G-W in latitudinal direction and this 
tor direction. For example, if there is a right directional arrangement is changed to B-B-W in the vector genera- 
vector in the left memory and no right directional vec- 50 tor 91. Thus, the vector comparing inspection is effec- 
tor in the right memory, the comparator 10 outputs the tive to detect a very small defect, and further, impor- 
information that there is a defect; if there are two right tantly, the inspection can be performed very quickly 
directional vectors in the left memory and a right direc- because the inspection can be done just by comparing 
tional vector in the right memory, the comparator 10 the directions of respective vector data. However, it has 
outputs the information that there is no defect. Thus, 55 been found that this inspection has a problem in that 
the comparator 10 does not care about the total number some pattern errors cannot to be detected even though 
of respective directional vectors in each memory, the the detected signal has enough amplitude like a datum B 
comparator 10 only compares whether there are vec- when it should be W or G. 

tors having the same direction in the left and the right FIGS. 4 and 5 illustrate the problems in the vector 

memory. 60 comparing inspection of the prior art, showing exam- 

FIG. 2 is a flow chart for the prior art inspecting pies of indetectable defects. FIG. 4 shows a defect in a 

apparatus illustrated in FIG. 1. Reference numerals in slant pattern. FIG. 5 shows square holes in respective 

FIG. 2 are the same as the block numerals in FIG. 1 to separated patterns; corresponding sides of the square 

indicate where the function of the blocks exist. In addi- holes are parallel to each other and the shapes are the 

tion, a stage coordinate memory 300 and an inspection 65 same, but the sizes arc different. 

output device 400 are included in FIG. 2. When the In FIG. 4, the situation of each figure is the same as 

vector comparator 10 produces a "NO" signal, this that in FIG. 3. A separated pattern 15L in FIG. 4(fl-l) 

means there is no defect, and the signal is fed back to the has a defective part 20 and a separated pattern 1SR in 
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FIG. 4(^-1) normal. As the pattern appears at a slant in FIG. 4 is a drawing illustrating the prior art vector 

the matrix frame, there are G pattern data at the slant comparing method as applied to another defect on a 

edge of the pattern. So, the data matrices in the sepa- photomask pattern; 

rated memories 13L and 13R are as indicated by data FIG. 5 is a drawing illustrating the prior art vector 

matrices 16L and 16R in FIGS. 4(a-2) and 4(6-2), and 5 comparing method as applied to still another defect on 

the vector patterns in the vector memories 14L and 14R a photomask pattern; 

are generated as in FIGS. 4(o-3) and 4(6-3). A compari- piG. 6 is a block diagram of an embodiment for a 
son between the vector pattern 17L and 17R, finds the photomask inspecting apparatus applying a vector corn- 
same quantity of the vectors in every direction. This paring method of the present invention; 
indicates there was no defect on the photomask pattern. 10 FIa 7 is a drawing illustrating how an embodiment 
In FIG. 5, the separated pattern data are as indicated of a process for a vector comparing inspection of the 
in FIGS. 5( fl -2) and 5(6-2). Thus, respective vector nt invention detects a defect on a photomask pat- 
patterns are generated as in FIGS. 5(j-3) and 5(6-3). tern . 

This result also indicates there was no defect, because F \ Q g ig a drawj iIlustrati how anotner embodi . 

the vectors m the left and the nght memory are equal m 15 ment of a pfocess fQr a vectof comparing jnspectjon of 

every irec lon - e a jc *. the present invention detects another defect on a photo- 

The undetected defects in FIGS. 4 and 5 often appear m ^ attern . 

in an inspection of the photomask pattern, for example, _ ^ A . ' , ... , . , . 

the problem of the square holes occurs in the inspection ™: 9 » % drawin ^ '""strating how still another 

of a contact hole in a large scale integrated circuit, and 20 embodiment of a process for a vector comparing inspec- 

it is very important for the vector comparing methods tIon of ' the P Tes * nt mvenllon delects st,H another defect 

to detect such defects if it is to be used with confidence. on a photomask pattern; 

FIG. 10 is a flow chart for the embodiment of the 

SUMMARY OF THE INVENTION photomask inspecting apparatus applying the vector 

Therefore, an object of the present invention is to 25 comparing method of the present invention illustrated 

improve a prior art vector comparing method for the m FIG- 6; and 

photomask pattern inspection so that a defects which FI G* 11 « a fl °w chart for another embodiment of a 
have been impossible to be detected by the prior art photomask inspecting apparatus applying a vector corn- 
method can detect using a vector comparing method paring method of the present invention, 
and its apparatus according to the present invention. 30 DETAILED DESCRIPTION OF THE 

The present invention can be performed by the fol- INVENTION 
lowing steps. First, shifting pairs of separated data, 

which are separated from pairs of pattern data of re- FIG. 6 is a block diagram of an embodiment for a 
spective optical images obtained from the photomask photomask inspecting apparatus applying a vector corn- 
pattern by optical systems and stored in respective sepa- 35 paring method of the present invention. In FIG. 6, the 
rated data memories, a proper equal amount of memory reference characters which are the same as in FIG. 1 
element to provide a pair of shifted data. Second, syn- refer to units having the same function as in FIG. 1, and 
thesizing the pairs of separated data and shifted data the following units are added. Left and right data shifts 
with a logical calculation following either black or 21 and 22 shift the separated data in respective left and 
white priority logic to provide a pair of synthesized 40 right second memories 13L and 13R a proper amount 
data. Third, storing the pairs of synthesized data in along longitude and latitude and thus provide a pair of 
respective synthesized data memories. Fourth, generat- shifted data. The proper amount is previously decided 
ing vectors from the data arrangements in the respec- t> y tne inspector based on information about the photo- 
tive synthesized memories in latitudinal, longitudinal , mas k pattern to be inspected. 

and diagonal directions using relations among black, 45 Left and right data in the second left right memo- 
gray and white datums. Fifth, storing the vectors in a ries> 13L and 13R resp ectively, synthesizers 31 and 32 
pair of vector memories. Sixth summing the quantity of synthe size the shifted data and the original separated 
the vectors having the same direction in each of the data providing a pair of synthc sized data. In the synthe- 
vector memories, Seventh, comparing between respec- s ^ the following data oaloulatiotxs must be considered: 
ive vector summations to detect differences between 50 fi+B fi+G fi+w Q+Q G+w and w+w Thac 
the summations. Eighth and producing informal ^ bg made ^ Qne of at twQ , ^ 

d£lL^ P * S calculations, one is -B priority logic" and the other is 

difference m any comparison. „ w Drioritv i 0£ h c "- 

Applying the present invention to the vector compar- P v S 1 • 
ing method and its apparatus of the prior art, any kind of 55 
defect in the photomask pattern can be detected with 
high accuracy, high sensitivity, and at high speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a photomask inspecting 60 
apparatus applying a vector comparing method of the 
prior art. 

FIG. 2 is a flow chart for the photomask inspecting 

apparatus illustrated in FIG. 1, applying the vector This B/W selection is also made by the inspector, 

comparing method of the prior art; 65 operating a logic selector 30 before starting the inspec- 

FIG. 3 is how the drawing illustrating a vector com- tion, based on the information about the photomask 

paring inspection process of the prior art finds a defect pattern to be inspected. A synthesized data memory 23 

on a photomask pattern; comprising a left synthesized data memory 23L and a 
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right synthesized data memory 23R stores the above 
synthesized data. 

Left and right vector generators 51 and 52 are similar 
to the vector generators 91 and 92 in FIG. 1. but the 
following two functions are added. First, a new treat- 5 
ment of the datum G is provided. A vector is provided 
for neighboring (adjacent) data B-G and G-W. A vector 
from B for G is provided to the arrangement B-G and a 
vector from G to W is provided for the arrangement 
G-W. Second, vectors along diagonals are provided; 10 
therefore, eight vector directions can be used in total. 

The functions of these additional units will be more 
concretely explained with reference to FIGS. 7, 8, and 
9. FIG. 7 illustrates how the embodiment of FIG. 6 
inspects a photomask pattern using a method according 15 
to the present invention. The same separated patterns 
are used in FIG. 7 as were used in FIG. 3. FIGS. 7(<7-l) 
and 7(6-1) depict the separated data stored in the respec- 
tive second memories 13L and 13R. Thick solid lines 
indicate the respective separated patterns in which pat- 20 
tern 13L has a defective part 20 and pattern 31 R is 
normal. These separated pattern data are respectively 
shited by the data shifters 21 and 22. In the example 
illustrated in FIG. 7, the shift amount was selected to 
shift two matrix elements towards the right and two 25 
elements up in the matrix of each second memory, re- 
sulting in the patterns represented by reference charac- 
ters 32L and 32R in FIG. 7(o-2) and in FIG. 7(6-2) 
respectively. FIGS. 7(o-2) and 7(6-2) are only for expla- 
nation, they do not actually exist in any of the memo- 30 
ries. The original pattern data 31L and the shifted pat- 
tern data 32L, and the data 31R and 32R are respec- 
tively synthesized, to form respective new patterns. A 
logical calculation using "B priority logic" will be ap- 
plied in this case. Thus, the synthesized data are repre- 35 
sented by 33L and 33R in respective FIGS. 7(j-3) and 
7(6-3). The synthesized data are stored in the synthe- 
sized data memory 23, i.e., the left and right synthesized 
data memories 23L and 23R, respectively. The left and 
right vector generators 51 and 52 generate the vectors 40 
from respective synthesized data, so that the generated 
vectors are as represented by 34L and 34R in respec- 
tively FIGS. 7(o-4) and 7(6-4). These vectors are re- 
spectively stored in the left and right vector memories 
14L and 14R in the vector memory 14. The vector 45 
comparator 10 compares the summation of respective 
vectors in the vector memories 14L and 14R. The dif- 
ferences in respective vectors in the eight directions are 
as follows: up — 1, down — 1, right — 1; diagonal (from 
left-up to right-down) — 1; diagonal (from left-down to 50 
right- up) — 1; and the rest are all zero. Therefore, the 
vector comparator outputs the information that the 
photomask has a defect In the above comparison, there 
are differences in five of the directions, however, any 
one of these is enough to make the vector comparator 55 
10 produce information indicating a defect. The defect 
in the separated data mentioned above can also be de- 
tected by the prior art apparatus; however, the defects 
which will be described with reference to FIGS. 8 and 
9 which are the same as FIGS. 4 and 5, respectively, can 60 
not be detected by the prior art technology. 

In FIG. 8, FIGS. 8(^-1) and 8(6-1) depict the sepa- 
rated data stored in the second memories 13L and 13R, 
respectively. A pattern 31L has a defective part 20 and 
a pattern 31R is normal. FIGS. 8(a-2) and 8(6-2) depict 65 
the shifted pattern data; the shift amount is one matrix 
element right and up. FIGS. 8(a-3) and 8(6-3) show 
respective synthesized data; the synthesis is made under 
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the condition of "B priority logic" From the synthe- 
sized data, respective vector signals can be obtained as 
shown by FIGS. 8(tf-4) and 8(6-4). The vector compara- 
tor 10 compares the summation of respective vectors in 
the vector memories 14L and 14R. The differences in 
the respective vectors in the eight directions are as 
follows: up — 2, left — 2, diagonal (from right-down to 
left-up) — 2, diagonal (from left-down to right-up)— 1, 
diagonal (from right-up to left-down) — 1, and the rest 
are all zero. Therefore, the vector comparator 10 out- 
puts the information that the photomask has a defect. 

In FIG. 9, FIGS. 9(0-1) and 9(6-1) show the separated 
data stored in the second memory 13. In the separated 
patterns, the square holes in pattern 31L and 31R should 
be the same in shape and size, but actually they are not 
the same size. FIGS. 9(^-2) and 9(6-2) show respective 
shifted data; the shift amount is two matrix elements 
towards the right. FIGS. 9(c-3) and 9(6-3) show the 
synthesized data; each synthesis is made under the con- 
dition of **W priority logic". From the synthesis data, 
respective vectors are provided as shown by FIGS. 
9(o-4) and 9(6-4). The vector comparator 10 compares 
the summation of respective vectors in the vector mem- 
ories 14L and 14R. The differences in the respective 
vectors in the eight directions are as follows: down— 4, 
diagonal (from left-up to right-down) — 3, diagonal 
(from right-up to left -down)— 3, and the rest are all 
zero. Therefore, the vector comparator 10 outputs the 
information that the photomask has a defect. 

In the above explanation, the determination of the 
shift amount and the selection of the B/W priority logic 
can be performed by an inspector skilled in the art of 
photomask inspection. However, if the photomask in- 
spection is required to be performed without an inspec- 
tor's assistance, proper inspection can be performed by 
providing the software or hardware to sequentially 
perform several inspections selecting different shit 
amounts and B/W priority logic. If a short inspecting 
time is required, this can be met by providing parallel 
data shifters, each having a proper shift amount, along 
with data synthesizers. Thus, there would be many 
inspection outputs simultaneously, and if one of the 
outputs produces the information of a defect, it can be 
indicated that the photomask has a defect. 

Furthermore, the slicing levels which provide the 
digital data B, G, and W in the amplitude distributor 5 
and the shift amount set in the data shifters 21 and 22 
can be selected properly considering the shape of the 
pattern or the size of the defect to be inspected. In the 
comparator 10, the detection sensitivity can be 
changed, considering the features of the pattern to be 
inspected, by adjusting a threshold amount of vector 
difference which will produce the output of a defect. 
This is to avoid the occurrence of a false error. 

FIG. 10 is a flow chart for the inspecting apparatus of 
the present invention shown in FIG. 6. The same refer- 
ence numerals are used in FIG. 10 as in FIG. 6, and 
reference numerals 300 and 400 are the same as in FIG. 
2. The data shifter 21 and 22 in FIG. 10 shift the data in 
the second memory 13. 

The data shifting can also be provided by the optical 
system; this type of shifting is called image sharing. 
FIG. 11 is a flow chart applying image sharing. Refer- 
ence numeral 500 respects a block for the image sharing 
device. In this case, the image sharing is performed to 
provide the data in the second data memory 13 and the 
data synthesizer 31 and 32 of FIGS. 6 and 10. 
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As mentioned with respect to FIGS. 8 and 9, the 
defects in a photomask pattern which have been impos- 
sible to detect by the prior art technology can be de- 
tected by the present invention. 

What is claimed is: 5 

1. An inspection method for a photomask pattern 
applying a vector comparing method, comprising the 
steps of: 

(a) obtaining a pair of optical images, which are to be 
compared, from the photomask pattern; 10 

(b) converting the pair of optical images into two 
groups of electrical analog signals; 

(c) distributing the two groups of electrical analog 
signals into two groups of digital data, each of the 
two groups of digital data comprising a first nunv 15 
ber of matrix elements represented by datums hav- 
ing a value representing one of black, gray and 
white in accordance with high, middle, and low 
amplitudes, respectively, of a corresponding ana- 
log signal in one of the two groups of electrical 
analog signals; 

(d) separating two groups of separated data from the 
two groups of digital data, sequentially and respec- 
tively, each of the two groups of separated data ^ 
having a second number of matrix elements, the 
second number being less than the first number of 
matrix elements in each of the two groups of digital 
data; 

(e) shifting the two groups of separated data respec- 3Q 
tively by a shift amount of at least one matrix ele- 
ment of each of the two groups of separated data in 

at least one of a latitudinal and longitudinal direc- 
tion to provide at least two groups of shifted data; 

(f) synthesizing the two groups of separated data and 35 
the at least two groups of shifted data, respectively, 

to provide at least two groups of synthesized data; 

(g) generating vectors from arrangements of the at 
least two groups of synthesized data to provide at 
least two groups of vectors, each of the two groups 
of vectors comprising at least one of: 

a first vector from one of the datums representing 
black to an adjacent datum representing white, the 
first vector having a direction in one of latitudinal, 
longitudinal, and diagonal directions, 45 

a second vector, having one of the directions, from 
one of the datums representing black to an adjacent 
datum representing gray, and 

a third vector, having one of the directions, from one 
of the datums representing gray to an adjacent 50 
datum representing white, the first, second and 
third vectors having equal magnitude; 

(h) summing amounts of vectors in each of the direc- 
tions for each groups of vectors; 

(i) comparing the amounts summed in step (h), re- 55 
spectively in each of the directions, for the at least 
two groups of vectors, to provide differences be- 
tween the amounts; and 

0) producing an output that indicates the photomask 
pattern has a defect when any one of the differ- 60 
ences is non-zero. 

2. An inspecting method according to claim 1, 
wherein the shift amount is provided by a step of (k) 
pre-inspecting the photomask patterns. 

3. An inspecting method according to claim 1, 65 
wherein the values of the datums are calculated logi- 
cally by following one of a black priority logic and a 
white priority logic in said synthesizing of step (f), as 



10 



follows, where black, gray and white are represented by 
B, G, and W, respectively: 
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the one of black and white priority logic also being 
provided by said pre-inspecting of the photomask pat- 
tern. 

4. An inspecting apparatus using a vector comparing 
method, comprising: 

a pair of optical systems, each comprising a lens sys- 
tem coupled to an image sensor, said optical sys- 
tems respectively obtaining optical images from 
respective parts of the photomask pattern and con- 
verting the optical images into two groups of elec- 
trical analog signals; 

an amplitude distributor, operatively connected to 
said image sensors, for distributing the two groups 
of electrical analog signals respectively into two 
groups of digital data; 

two first memories, operatively connected to said 
amplitude distributor, respectively, for storing the 
two groups of digital data; 

two data separators, operatively connected to said 
two first memories, respectively for separating two 
groups of separated data from the two groups of 
digital data; 

two second memories, operatively connected to said 
two data separators, respectively, for storing the 
two groups of separated data; 

two data shifters, operatively connected to said two 
second memories, respectively, for providing two 
groups of shifted data; 

two data synthesizers, operatively connected to said 
two second memories, respectively, for providing 
two groups of synthesized data by logical calcula- 
tions; 

a logic selector, operatively connected to said two 
data synthesizers, for selecting one of black priority 
logic and white priority logic for the logical calcu- 
lations in said two data synthesizers; 

two synthesized data memories, operatively con- 
nected to said two data synthesizers, respectively 
for storing the two groups of synthesized data; 

two vector generators, operatively connected to said 
two synthesized data memories, respectively, for 
generating two groups of vectors; 

two vector memories operatively connected to said 
two vector generators, respectively, for storing the 
two groups of vectors, each vector having a direc- 
tion; and 

vector comparator means, operatively connected to 
said vector memories, for providing summations in 
each direction of the vectors stored in each of said 
two vector memories, for comparing the summa- 
tions of each of said two vector memories, for 
providing differences between the summations of 
each of said two vector memories, and for produc- 
ing output informing of a defect in the photomask 
pattern if a non-zero difference is obtained as at 
least one of the differences. 
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5. An inspecting apparatus using a vector comparing 
method, comprising: 

two optica] systems, each comprising a lens system 
coupled to an image sensor, said optical systems 
respectively obtaining optical images from respec- 5 
tive parts of the photomask pattern and converting 
the optical images into two groups of electrical 
analog signals; 

an amplitude distributor, operatively connected to 
said image sensors, for distributing the two groups 10 
of electrical analog signals into two groups of digi- 
tal data; 

two first memories, operatively connected to said 
amplitude distributor, respectively, for storing the 
two groups of digital data; 15 

two data separators, operatively connected to said 
two first memories, respectively, for separating 
two groups of separated data from the two groups 
of digital data; 

two second memories, operatively connected to said 
two data separators, respectively, for storing the 
two groups of separated data; 

two groups of data shifters, operatively connected to 
said two second memories, respectively, for simul- 
taneously providing two groups of shifted data by 
using a plurality of shift amounts to form the two 
groups of shifted data from the two groups of sepa- 
rated data; 

two groups of pairs of data synthesizers, operatively 3Q 
connected to said two groups of data shifters and 
said two second memories, respectively, for simul- 
taneously providing two groups of pairs of synthe- 
sized data, one of each of the pairs of synthesized 
data being synthesized by logical calculations using 35 
black priority logic and the other of each of the 
pairs of synthesized data being synthesized using 
white priority logic; 

a logic generator, operatively connected to said two 
groups of pairs of data synthesizers, for generating 40 
the black priority logic and the white priority logic 
for the logical calculations in said two groups of 
pairs of data synthesizers; 

two groups of pairs of synthesized data memories, 
operatively connected to said two groups of pairs 45 
of data synthesizers, respectively, for simulta- 
neously storing the two groups of pairs of synthe- 
sized data; 

two groups of pairs of vector generators, operatively 
connected to said two groups of pairs of synthe- 50 
sized data memories, respectively, for simulta- 
neously providing two groups of paired sets of 
vectors from the two groups of pairs of synthesized 
data, each vector having a direction; 

two groups of pairs of vector memories, operatively 55 
connected to said two groups of pairs of vector 
generators, respectively, for simultaneously storing 
the two groups of of paired sets of vectors; and 

vector comparator means, operatively connected to 
said two groups of pairs of vector memories, for 60 
simultaneously providing summations in each di- 
rection of the vectors stored in each of said two 
groups of pairs of vector memories, for comparing 
the summations to determine whether there is a 
difference between the summations of the sets of 65 
vectors of any pair in the paired sets of vectors, and 
for producing an output informing of a defect in 
the photomask pattern if any difference is obtained 



123 

12 

between the summations compared by said vector 
comparator means. 

6. An inspection method for a photomask pattern 
applying a vector comparing method, comprising the 
steps of: 

(a) obtaining from the photomask pattern a pair of 
optical images, having picture elements, which are 
to be compared; 

(b) shifting periodically and respectively the optical 
images by a shifting amount corresponding to an 
amount of the picture elements in the optical im- 
ages, the amount of the picture elements being 
provided by pre-inspection of the photomask pat- 
tern; 

(c) repeating steps (a) and (b) periodically to provide 
a new pair of optical images and a pair of shifted 
optical images; 

(d) synthesizing each image in the pair of optical 
images with a corresponding one of the pair of 
shifted optical images to produce a pair of synthe- 
sized images; and 

(e) comparing the pair of synthesized images to detect 
differences between the pair of optical images. 

7. A photomask pattern inspection apparatus, com- 
prising: 

image means for obtaining initial images of corre- 
sponding portions of unit patterns in a photomask; 

shift means, operatively connected to said image 
means, for shifting each of the initial images by a 
shift amount to obtain shifted images; 

synthesizing means, operatively connected to said 
image means and said shift means, for synthesizing 
the initial images and shifted images of the corre- 
sponding portions, respectively, to form synthe- 
sized images; and 

vector comparison means, operatively connected to 
said synthesizing means, for generating vectors, 
having directions, indicating changes in intensity 
within each of the synthesized images, for compar- 
ing the vectors in each of the synthesized images, 
respectively for each of the directions, and for 
indicating when at least one difference is detected 
by the comparing. 

8. A method for comparing initial images of corre- 
sponding portions of unit patterns in a photomask, com- 
prising the steps of: 

(a) shifting each of the initial images by a shift amount 
to obtain shifted images; 

(b) synthesizing the initial images and the shifted 
images of the corresponding portions, respectively, 
to form synthesized images; 

(c) generating vectors, having directions, indicating 
canges in intensity within each of the synthesized 
images; 

(d) comparing the vectors in each of the synthesized 
images, respectively for each of the directions; and 

(e) indicating when at least one difference is detected 
by the comparing in step (d). 

9. A method according to claim 8, 

wherein the initial images, shifted images and synthe- 
sized images all are comprised of matrix elements 
having values representing one of at least black, 
gray and white, and 

wherein step (b) comprises the step of assigning the 
values to the matrix elements in the synthesized 
images in dependence upon the values of corre- 
sponding matrix elements in the initial images and 
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the shifted images in accordance with one of black 
priority logic and white priority logic. 

10. A method according to claim 9, wherein said 
assigning in step (b) in accordance with black priority 
logic comprises the steps of: 5 

(bi) assigning each of the matrix elements in the syn- 
thesized images the value representing black if the 
value of any of the corresponding matrix elements, 
corresponding thereto, represents black; 

(bii) assigning each of the matrix elements the value 10 
representing gray if the value of any of the corre- 
sponding matrix elements, corresponding thereto, 
represents gray and the value of none of the corre- 
sponding matrix elements, corresponding thereto, 
represents black; and IS 

(biii) assigning one of the matrix elements of the syn- 
thesized image the value representing white if the 
value of all of the corresponding matrix elements, 
corresponding thereto, represents white. 

11. A method according to claim 9, wherein said 20 
assigning in step (b) in accordance with white priority 
logic comprises the steps of: 

(bi) assigning each of the matrix elements in the syn- 
thesized images the value representing white if the 
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value of any of the corresponding matrix elements, 
corresponding thereto, represents white; 

(bii) assigning each of the matrix elements the value 
representing gray if the value of any of the corre- 
sponding matrix elements, corresponding thereto, 
represents gray and the value of none of the corre- 
sponding matrix elements, corresponding thereto, 
represents white; and 

(biii) assigning each of the matrix elements of the 
synthesized image the value representing white if 
the value of both of the corresponding matrix ele- 
ments, corresponding thereto, represents white. 

12. A method according to claim 8, wherein the di- 
rections of the vectors are at least one of up, down, left, 
right and the four diagonal directions between up and 
right, right and down, down and left, and left and up. 

13. A method according to claim 12, wherein step (d) 
comprises the steps of: 

(di) summing the vectors in each of the directions in 
each of the synthesized images to provide a number 
of vectors in each direction; and 

(di) comparing the number of vectors in each direc- 
tion for each of the synthesized images. 
***** 
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line 21, "13L" should be — 31L-; 

line 23, "shited"" should be — shifted — „ 

Col. 8, line 38, "shit" should be —shift—. 

Col. 12, line 54, "canges" should be --changes—. 



Signed and Sealed this 
Twenty-ninth Day of December, 1987 



Anest: 

DONALD S. QUIGG 
Attesting Officer Commissioner of Patents and Trademarks 



10/02/2001, EAST Version: 1.02.0008 



